.
The physiological role of urease in plants is still largely unknown despite its ubiquity in virtually all plants [3, 4] . Jackbean and soybean ureases display fungicidal [11] and insecticidal activity, suggestive of a role in plant defence [12, 13] . The insecticidal activity is due to a ~10 kD internal peptide released from plant ureases upon digestion by insect cathepsins [14, 15] .
We have previously reported that canatoxin [16] , an isoform of jackbean (C. ensiformis) urease [17] , presents biological properties that are independent of its enzyme activity, as binding to sialylated glycoconjugates, activation of blood platelets [18] [19] [20] and proinflammatory effect [21] . Submicromolar concentrations of canatoxininduced exocytosis in a number of cell system in vitro including platelets, synaptosomes, pancreatic islets, macrophages, neutrophils and mast cells [19, 22] . Canatoxin also induced hypothermia, bradycardia, hypoglycaemia, hyperinsulinemia, hypoxia and paw oedema in rats and mice, preceding convulsions and death of the animals [23] . Canatoxin disrupted Ca 2ϩ transport across membranes [20, 24] and lipoxygenase metabolites were shown to modulate most of its pharmacological effects [18, 19, 21] either in vivo or in vitro. More recently we reported that jackbean, soybean and B. pasteurii ureases are also able to induce aggregation of platelets at nanomolar concentrations independently of enzyme activity [13, 25] . [26, 27] . Stimulated [31, 32] . Platelets also synthesize PAF-acether (1-o-alkyl-2-acetyl-sn-glycero-3-phosphocholine) from arachidonic acid which interacts with its own receptors on platelets [33] .
Blood platelets are anucleated disc-shaped cells derived from megakaryocytes. Upon vascular injury or exposition to agonists such as adenosine diphosphate (ADP), collagen or thrombin, non-stimulated platelets become spherical (shape change) and adherent to each other and to surrounding tissues
In the present work we characterized the platelet aggregating activity of a purified recombinant H. pylori urease (HPU), studied the pathways recruited by the protein to induce platelet activation and compared the data to that previously reported for the plant urease canatoxin and for Bacillus pasteurii urease. 
Materials and methods

Materials
Protein determination
The protein content of samples was determined by their absorbance at 280 nm or by the Coomassie dye binding method.
Urease activity
The ammonia released was measured colorimetrically by the alkaline nitroprussiate method [35] . One unit of urease releases one mol of ammonia per minute, at 37ЊC, pH 7.5. 
Platelet aggregation
Platelet-rich plasma (PRP) was prepared from rabbit blood collected from the ear central artery in the presence of sodium citrate to a final concentration of 0.313% (v/v). Blood samples were centrifuged at 200
12-HETE detection
The method described by Coffey and co-authors [37] showed a typical morphology of activated platelets with numerous pseudopodia (Fig. 3A) . The cells clumped together (Fig. 3C ) with no evidence of cell lysis and fluorescein-conjugated H. pylori urease were seen bound to platelets aggregates but not to erythrocytes (Fig. 3D) . Figure 4 (A) shows that platelets stimulated by HPU undergo release reaction and secrete ATP from dense granules. Platelets stimulated by 0.3 M HPU secreted about 60% of the ATP measured for a collagen-induced release reaction, with a slower kinetics and longer lag phase, peaking after 3 min. As previously described for canatoxin [18] and B. pasteurii urease [25] HPUinduced platelet aggregation is completely dependent on this secreted ADP and therefore inhibited by the scavenger activity of apyrase (Fig. 4B) . [38] , mediated the platelet's response to the protein (Table 1 and Fig. 5A (Fig.  5B) . Thus, similar to what we described previously for canatoxin [18, 19] , and Bacillus pasteurii urease [25] 
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under low stirring (to avoid aggregation). The morphology is typical of an activated platelet showing multiple pseudopodia. (B) Scanning electronic microscopy of a resting platelet. The white bars in (A) and (B) correspond to 2 m. In (C) and (D) rabbit platelets were aggregated by 0.3 M fluorescein-labelled HPU and aggregates (arrows) were observed under light (B) and fluorescence microscopy (C) at 400ϫ magnification. Note that the few erythrocytes (stars) present in C do not appear as fluoresceinlabelled in (D).
Fig. 4 HPU induces release reaction and ADP-induced aggregation of rabbit platelets. (A) Time course of release reaction of platelets activated by HPU (300 nM) or collagen (30 g/ml) was detected following ATP secretion as light emitted in the presence of a luciferin-luciferase mixture. L.R.U. -light relative units. A typical result out of three replicates is shown. (B) Platelet aggregation induced by HPU (300 nM) or 5 M ADP (inset) is completely abolished in the presence of 1 U/ml of potato apyrase. Platelets were pre-incubated with apyrase for 10 min. at room temperature without stirring, and then aggregation was triggered by addition of HPU or ADP (time zero) and aggregation was monitored turbidimetrically for 8 min. Typical results are shown.
Involvement of 12-lipoxygenase in HPU-induced platelet activation
To elucidate the pathway(s) recruited by HPU to induce platelet aggregation we investigated the involvement of arachidonic acid metabolites in platelets pre-treated with dexamethasone (a phospholipase A2 inhibitor), or indomethacin (a cyclooxygenase inhibitor) or esculetin (a 12-lipoxygenase inhibitor). Table 1 shows that dexamethasone treatment reduced HPU-induced aggregation indicating a requirement of free arachidonic acid. In indomethacin-treated platelets, HPU-induced aggregation was augmented up to 3-fold, excluding the participation of thromboxane A2, an indirect product of cyclooxygenase activity in the aggregation response. On the other hand HPU-induced aggregation was reduced in esculetin pre-treated platelets, indicating that product(s) of the 12-lipoxygenase, which is inhibited by this compound
). Likewise the observed enhancement of HPU-induced aggregation in indomethacin-treated platelets reflects the increased availability of arachidonic acid as substrate for the 12-lipoxygenase. HPU-activated platelets produced 12-HPETE, which could be measured as 12-hydroxy-eicosatetraenoic acid (12-HETE) in supernatants of lysed platelets
Discussion
We previously reported on the platelet aggregating activity of jackbean [17, 18] and soybean [13] single chain ureases and of the trichain urease from Bacillus pasteurii [13] . [13, 17, 18] . † [13, 25] . ‡ [2] , this paper. [37, 40] . Interestingly, we previously observed that canatoxin-stimulated platelets become refractory to a second exposure to this protein or to collagen, but are still responsive to ADP, PAF-acether or arachidonic acid [18] , suggesting that ureases and collagen may be recruiting the same signalling cascade to exert their actions. [13, [17] [18] [19] [20] 25] [42] [43] [44] [45] [46] , consistent with epidemiological studies that suggest a possible association between H. pylori infection and the incidence of cardiovascular diseases [43] . H. pylori aqueous extracts (which contain HPU) were shown to aggregate platelets [46] . Through a mechanism very different from the one we describe here for purified HPU, whole cell H. pylori also promotes platelet aggregation binding directly to von Willebrand factor and to platelet glycoprotein GPIb [47] .
To our knowledge this is the first study demonstrating a direct effect of purified H. pylori urease on platelets. A recent report [48] showed [49] . The cell wall bound enzyme facing the external acidic medium is enzymatically inactive and the distribution of urease within the bacterium is dependent on external pH [45, 46] . It is not known whether cell wall bound urease H. pylori displays any biological activity. On the other hand, purified H. pylori urease has been shown to bind mucin and other glycogonjugates [50] and to contribute directly to the gastric inflammatory process by stimulating macrophages and cytokine production [41, 49, 51, 52] 
